1. Twenty-four hour energy expenditure and its components, i.e. 'basal metabolic rate', activity energy expenditure and diet-induced thermogenesis were measured, using continuous whole-body indirect calorimetry, in patients receiving total parenteral nutrition while in remission from Crohn's disease (weight 51.9 k 9.9 kg, body mass index 19.2 k 2.0 kg/m2).
INTRODUCTION
Many patients who require hospitalization for acute exacerbations of inflammatory bowel disease are wasted and are in need of urgent nutritional repletion. The treatment of these patients often includes a period of several weeks of intravenous hyperalimentation. In the early part *Estimated from the sum of the biceps, triceps, subscapular and suprailiac skinfold thicknesses [6] . tCalculated by the method of Bistrian ef al. [7] . $Calculated by reference to 'medium frame' in the Metropolitan Life Insurance Tables modified by Grant [8] . of this period, partial remission of the disease is often associated with considerable reversal of disease-induced weight loss. However, after an initial remission, malabsorbtion, intestinal fistulae and nutritional deficiency, with or without low-grade disease activity, often require treatment with total parenteral nutrition (TPN) for several weeks. Studies involving long-term measurements of the energy expenditure and fuel selection of such patients are very limited. Several studies in different groups of patients have focused on short-term measurements of particular aspects of energy metabolism. For example, resting energy expenditure (REE), [ 11, fuel utilization [2] and the energy cost of imposed exercise whilst on TPN 131 have all been measured over periods ranging between 6 min and 1 h. The impact of different standard intravenous feeding regimens on energy expenditure and net substrate balance over a complete 24 h feeding cycle in mobile patients is unknown. Not surprisingly, there is virtually no information on the contributions of physical activity and diet-induced thermogenesis (DIT) to 24 h energy expenditure (24 h EE). Therefore, in this study, we aimed to provide the first measurements of 24 h EE by continuous whole-body indirect calorimetry, in patients with Crohn's disease receiving either continuous or cyclic TPN. The data obtained were used to determine fuel selection, substrate balance and the contribution of REE, DIT, and physical activity to 24 h EE. In addition, this study aimed to assess the possible existence of intrinsic circadian patterns in REE, which have been suggested to occur in animals 141 as well as in man 151, and to compare the different patterns of fuel selection and REE produced by continuous and cyclic feeding.
EXPERIMENTAL Subjects
Eight patients (four males and four females) with inflammatory bowel disease, who had been fed almost exclusively by the intravenous route for at least 1 week, were studied. The characteristics of the subjects are shown in Table 1 . Some subjects were malnourished, but others had a creatinine-height index 171 within the normal range (90-1 10%) and a body weight that was within 10% of the standards provided by the Metropolitan Life Insurance Tables and modified by Grant [8] . All subjects were apyrexial, were metabolically stable and were in the remission phase of Crohn's disease. The circulating concentrations of acute-phase proteins (C-reactive protein and a, -anti-chymotrypsin) were normal. Medication included low doses of oral prednisolone (2.5-7.5 mg daily in subjects A, B, C, D, H and G ) and sulphasalazine (1 -3 g daily in subjects B, C and H). Subject A (studies 1, 7 and 9) also received folk acid tablets (5 mg daily). Subject F (studies 6 and 12) was also taking carbamazepine tablets (200 mg 8-hourly). The medication was not changed for several days before the study. None of the subjects was clinically oedematous. During the week before the study, the subjects were mobile and undertook light activities such as lying, sitting and walking in the ward. Two subjects (subjects B and F ) were studied twice and another subject (subject A ) was studied on three occasions in order to assess the energetic consequences of different feeding regimens. For the purpose of this analysis, studies on the same subject investigated on more than one occasion (i.e. subjects with the same age, see Table 1 ) are treated as separate studies, because the subjects had dif-ferent weights and were established on the new regimen for at least 7 days before the study. A total of 12 separate 24 h studies were performed.
Methods
Feeding regimen. The composition of the feed and the infusion rate while in the whole-body calorimeter were identical with those used in the week before the study. Subjects received either cyclic nocturnal or continuous 24 h feeding. The rate of infusion of nutrients, which were mixed together in a single bag, was controlled by an IMED 960 volumetric pump (IMED, Abingdon, Oxon, U.K.), which was found both by Tam [9] and ourselves to be accurate to withinf 1.5%. The amount of feed infused was also checked gravimetrically by weighmg the bag at the beginning and end of the study. In 10 out of 12 studies, the infusion contained 9.55 f 0.99 MJ comprising 12.45 kO.45 g of nitrogen, 4.58f0.18 MJ of carbohydrate and either 4.08 f 0.19 MJ of fat (nine studies) or 2.23 k 0.04 MJ of fat (three studies). In the remaining two studies (study 9 and study 12), a higher total energy intake (11.66 and 13.97 MJ, respectively) was achieved by increasing the intake of carbohydrate (7.03 and 8.43 MJ, respectively). The energy intakes (MJ/24 h) of amino acids (nitrogen), carbohydrate and fat in individual subjects are shown in Table 2 . The total energy intake ( m e a n k s~, n=12)inallthestudieswas 10.09+1.63MJ/ 24 h (199f 39 kJ/kg body weight). The amounts of nutrients given were dictated clinically by approximate bedside assessment of the requirements for maintenance and repletion. This assessment takes into account body size, the effects of disease and whether or not extra energy or nitrogen is required to rebuild the tissue which has been lost as a result of malnutrition and disease [lo] .
Protocol. Subjects on cyclic nocturnal TPN were transferred to one of the whole-body indirect calorimeters at the Dunn Nutrition Unit at the end of the feeding period. Those on continuous TPN required a brief interruption of the infusion (about 45 min) while being transferred. All subjects were then allowed to familiarize themselves with the calorimeter chamber for a period of 4 h before measurements commenced. Whilst in the calorimeter, patients connected up their own feeding as appropriate. TF" was given either continuously, or for 12 h between 22.00 and 10.00 hours. Seven measurements of REE, each of 40 min duration, were made at 3-hourly intervals during waking hours (15.00 to 15.40 hours, 18.00 to 18.40 hours, 21.00 to 21.40 hours, 07.00 to 07.40 hours, 09.00 to 09.40 hours, and 12.00 to 12.40 hours). During these measurements subjects were required to lie supine, awake and relaxed. At all other times during the day subjects were allowed a free choice of movement and posture. One subject (subject E, study 5) chose to exercise on a bicycle ergometer (Monark, Stockholm, Sweden) at a rate of 25 W for four 30 min periods. Subjects slept between 00.00 and 06.00 hours. Therefore those on cyclic nocturnal TPN slept for about half of the 12 h onfeed period. The calorimeters were comfortably furnished with a bed, chair, table, television, radio and telephone. Intravenous feeds were passed into, and excreta out of, the chambers using separate air locks. Qualitative indications of physical activity were also obtained by a radar device (based on the Doppler principle), which was located within the calorimeter. Subjects were under constant supervision by one of the authors or by a night nurse.
Equipment. The calorimeters had a volume of 11 m3 and were ventilated with fresh air at a rate of 200 I/min. Air within the calorimeter was circulated at a rate of 20000 I/min. These studies were conducted at 24 f 0.2"C. Gas sampling and analysis, data acquisition and storage was controlled by a HPlOOO series mini computer interfaced via a Solartron 3510 integrated measurement system (Solartron, Farnborough, Hants, U.K.). Gas samples were analysed every 200 s in repeating cycles, each of which consisted of five consecutive 200 s measurements of calorimeter air followed by one 200 s measurement of fresh air. 0, consumption (Vo,) and CO, production (Vco,) were calculated by the method of Brown et al. [ll] . The gas analysers (paramagnetic 0, and infra-red CO, analysers; Servomex Ltd, Sussex, U.K.) were automatically checked every 2 h. Pure N, was used to check zero span of both analysers and accurately assayed CO, in air and fresh air were used to check full-scale readings of the CO, and 0, analysers, respectively. Corrections for drift were applied assuming linear trends. Interpolations were made during these 15 min calibration periods and the protocol was such that REE measurements never coincided with analyser calibrations. Precision and accuracy of the calorimeters between study periods were periodically checked using continuous infusions of pure N, and CO, to simulate a subject's gaseous exchange. Measurement precision, which improves as the time interval over which results were calculated increases [12] , was typically 0.06 kJ/min and 0.01 kJ/min for 40 min and 24 h periods, respectively. Fat oxidation and carbohydrate oxidation were measured with an accuracy of f 0.234 kJ/min and f 0.217 kJ/min, respectively (P. R. Murgatroyd, personal communication) .
Analysis of excreta. Urine and faeces (studies 1 and 9) or ileostomy effluents (study 9) were collected over the 24 h period and their total nitrogen content was determined by the Kjeldahl method. It was assumed that faecal and stomal losses were largely in the form of protein and therefore these losses were not included in the calculation of energy expenditure. However, they were included in the calculations of nitrogen balance. Twenty-four hour urinary excretion of creatinine was assayed using a kit (Roche MA-KIT 10; Roche Diagnostica, Welwyn Garden City, Herts, U.K.). Twenty-four hour urinary excretion of urea and ammonia were measured together using a colorimetric kit (Test-Combination Urea, Boehringer Mannheim, Lewes, East Sussex, U.K.). Urinary excretion of ammonia was also measured separately by a modification of the same method (i.e. without the addition of urease). In all these methods the change in absorbance was measured by using the Roche COBAS BIO centrifugal analyser. The absence of glycosuria was confirmed by repeated screen- ing of urine by the use of Clinistix (Ames, Elkhart, IN, U.S.A.).
Ethics
The Local Area Ethics Committee approved the study and informed consent was obtained from all the subjects.
Calculations and definitions
Energy expenditure (kJ/min) was calculated from values of Vo, and Vco, as follows [ 131:
Energy expenditure (kJ/min) = (15.48+5.55RQ) Vo,(I/min) (1) where the respiratory quotient (RQ) = Vco,/ Vo,. These individual values of energy expenditure were then used to calculate the following parameters. 24 h EE. 24 h E E (in MJ) was calculated from the total Vo, and Vco, measured between 15.00 hours on the first day and 15.40 hours on the next day. The calculated energy expenditure during this period (24 h 40 min) was then expressed per 24 h.
'Basal metabolic rate' ('BMR'). 'BMR in patients receiving cyclic feeding is defined here as the energy expenditure (expressed in kJ/min) measured between 21.00 and 21.40 hours towards the end of a 12 h off-feed period (see Fig. 2 ). The same measurements were also expressed in MJ/24 h.
Although classically BMR is measured in the morning, at least 12 h postabsorptively, awake and at a thermoneutral temperature [ 141, the measurements made in our subjects conform to these criteria with the exception that they were carried out in the evening. For this reason the term 'BMR' (in inverted commas) is used instead of BMR.
REE. In subjects on cyclic feeding seven measurements of REE were made for 40 min every 3 h during waking hours in all subjects and are expressed in kJ/min. 'BMR comprised one of these measurements.
AWE. The change in REE due to cyclic feeding (AREE, in kJ/min) was calculated as the difference between REE measured towards the end of the on-feed period (mean of measurements at 07.00 and 09.00 hours) and the 'BMR'. This value may also be expressed relative to the rate at which energy was infused (AREE/energy intake, %). It should be emphasized that, since A R E E was calculated as the difference in the rates of energy expenditure between two steady states, it does not take into account the time profile of thermogenesis. In separate studies we have shown (see also Vernet et al. [15] ) that energy expenditure rises rapidly after the start of an intravenous feed, but takes longer to return to baseline after stopping the feed.
'24 h REE'. '24 h REE' was calculated from the area under the REE-time curve. The data points used to construct the curve include the seven measurements of REE as well as all the overnight measurements of energy expenditure during which the subject was motionless. Absence of movement was confirmed by direct inspection and by recorded measurements of movement obtained by use of a radar device.
DIT. DIT in subjects on cyclic feeding (in MJ/24 h) was calculated as follows:
(2) In this study DIT is calculated as the additional energy expenditure resulting from intravenous feeding during the 24 h period. The method used to calculate REE described above probably leads to a minor degree of underestimation of DIT because of the time profile of DIT (see AREE above) and because of the small reduction in energy expenditure during sleep.
Activity energy expenditure (AEE). The 24 h EE resulting from activity was calculated (in MJ/24 h) as AEE = 24 h EE -'24 h REE Overnight metabolic rate (OMR). This was calculated as the mean energy expenditure (kJ/min) during the overnight period (00.00 to 06.00 hours). 'Sleeping metabolic rate' (SMR) was calculated as the mean energy expenditure (in kJ/min) measured during all the 30 min overnight periods when no movement could be detected by the radar device. Lowest sleeping metabolic rate (LSMR, kJ/ min) was the lowest metabolic rate recorded during a continuous 60 min period overnight.
Twenty-four hour RQ (24 h RQ). This was calculated as the ratio of total CO, produced to total oxygen consumed between 15.00 and 15.00 hours. Non-protein non-glycerol gaseous exchange was calculated by subtracting the gaseous exchange attributable to glycerol and protein oxidation from total gas exchange. This was then used to calculate non-protein non-glycerol RQ (NpNgRQ), non-protein non-glycerol energy expenditure (NpNgEE), carbohydrate oxidation and fat oxidation as described by Elia & Livesey [13] . It is important to emphasize that the glycerol involved in the above calculations concerns free glycerol present in the lipid emulsion and not the glycerol present within the triacylglycerol. In the cyclically fed subjects calculations involving glycerol ( 3 ) were only applied to the on-feed period, since free glycerol is very rapidly cleared from the circulation [16] .
In the calculation of NpNgRQ in this group of metabolically stable patients, it was assumed that the blood urea concentration was the same at the beginning and end of the 24 h study. Due to an error in the number of bottles provided, urine collected during the on-feed period was not separated from that obtained during the off-feed period. Since it was not possible to estimate the different rates of protein oxidation (and therefore NpNgRQ and NpNgEE) during the on-feed and off-feed periods, it was assumed that protein oxidation during the on-feed period was 1.9 times faster than during the off-feed period. The rate of protein oxidation during the on-feed period relative to the off-feed period depends on the rate of administration of amino acids. The higher the rate of infusion of nitrogen, the greater will be the rate of protein oxidation and this will result in a higher rate of on-feed than off-feed nitrogen excretion. Messing et al. [17] and Just et al. [18] , who infused similar quantities of nitrogen into their subjects over a 15 h period, obtained an onfeed/off-feed nitrogen excretion ratio of about 1.5:l (or in the study of Just et al. [ 181 of 1.9: 1 if the 3 h period during which lipid was infused on its own is ignored). Garlick et al. [19] obtained a corresponding ratio of 1.9:l using tracer techniques in subjects studied after an overnight fast and during oral feeding, which resulted in similar rates of nutrient intake as in this study. Nevertheless in view of some uncertainty regarding this ratio, calculations were also made using a ratio as low as 1.5: 1 and as high as 2.4: 1. However, the resulting estimates of fat deposition and carbohydrate utilization did not alter significantly ( < 0.1 kJ/min for fat oxidation or deposition, < 0.2 kJ/ min for carbohydrate utilization). The calculations of NpNgRQ were based on a heat equivalent of urinary nitrogen of 116 kJ/g of urinary nitrogen [20] . The use of this factor is most appropriate where the urea/ammonia/ creatinine ratio is approximately 95 :5 : 5 (see the Results section).
Statistical analysis
This was carried out using Student's (paired or unpaired) t-test, which was applied to the data as appropriate. Data are presented as means * SD.
RESULTS

h EE and h energy intake
The 24 h energy intakes of fat, carbohydrate, nitrogen and total energy, are shown in Table 2 . The resulting 24 h energy balances are shown in Table 6 . The mean 24 h EE was 6.83 f 1.09 MJ, ranging from 5.42 to 8.22 MJ/24 h. All patients were in positive energy balance by a mean of 3.26 MJ/24 h. Subjects on a higher carbohydrate intake had a higher positive energy balance. The components of 24 h EE (see below) are shown in Table 3 . Individual values of 24 h EE expressed per kg body weight, per kg fat-free mass (FFM) and per m2 body surface area (SA) are shown in Table 4 .
'BMR'
The results of 'BMR in absolute terms are shown in Table 3 and corrected for body weight, FFM and SA in Table 4 .
Measurements of REE during the day
Subjects on continuous feeding (Fig. 1) showed little variability in the measurements of REE (5.82 k 1.11 MJ/ 24 h) carried out at different times of day, with a coefficient of variation for individual subjects ranging from 2.2 to 6.6%. These minor variations in REE showed a random pattern. Between-subject comparison of the seven REE measurements did not reveal a significant covariance and there was no evidence of a diurnal or other circadian pattern. As expected, subjects with a higher body weight and a higher FFM expended more energy at rest than those with a lower body weight and a lower FFM. The differences in the REE between subjects is probably not related to variation in the rates of administration of total energy (6.57 to 7.38 kJ/min) or carbohydrate energy (2.98 to 3.35 kJ/min) since these were similar in all subjects. In contrast with continuous feeding, cyclic nocturnal feeding produced a rise in energy expenditure at night which persisted for a variable period (between 0.5 and > 5 h) after the infusion was stopped at 10.00 hours (see Fig. 2 ).
AREE
AREE varied widely between 0.42 and 1.29 (0.84k0.27) kJ/min (24.2+9.0% of 'BMR'). These changes correlated more closely with the rate of carbohydrate energy intake per kg of FFM [ r = 0.79, standard error of the estimate (~~~) = 0 . 1 8 ] than with either the absolute rate of carbohydrate energy intake ( r = 0.52, SEE = 0.25), the rate of energy intake ( r = 0.1, SEE= 0.298) or the extend of overfeeding ( r = 0.59, SEE = 0.24). AREE, expressed as a percentage of the rate of energy intake, ranged widely from 3.0 to 11.4 (6.7 k 2.8)%.
'24 h REE'
The '24 h REE' ranged from 4.70 to 7. . 1 . REE in the four continuously fed subjects. The data points include seven measurements of REE for 40 min at 3-hourly intervals during the day. During the sleep period REE was measured continuously and was expressed as the means of measurements during 30 min periods. Data points from 30 min periods during which movement was observed or detected by the radar device have been excluded from the plot. The subjects (A-D), who are indicated by a number in parentheses (studies 1-4), have a progressively higher metabolic rate which is associated with increasing FFM (see Table 1 ).
DIT
In the eight studies of cyclic feeding DIT was found to vary between 0.12 and 0.99 (0.6k0.29) MJ/24 h (see Table 3 ) and between 1.16 and 10.78 (6.1*3.1)% of the 24 h energy intake. These differences between subjects were largely due to different values of AREE, and to a small extent to the pattern of rise and fall of REE on starting and stopping the feed (see Fig. 2 ). The contribution of DIT to 24 h EE ranged from 1.4 to 13.7 (9.1 k4.3)%. The absolute values of '24 h REE, 'BMR', AEE and DIT are shown in Table 3 .
AEE
Overnight and sleep energy expenditure
The mean OMR during the 6 h overnight sleep period (00.00 to 06.00 hours) ranged between 3.03 and 5.17 Table 5 ). Subject 8 was unable to sleep and was therefore excluded from this part of the data analysis. 
RQ
In cyclically fed subjects, the RQ values measured 
Fat and carbohydrate balance over 24 h
All patients were in positive fat balance (2.64k 1.30 MJ fat/24 h; see Tables 6 and 7 ). The carbohydrate balance for the whole group was close to zero (0.35 f 1.09 MJ), but varied considerably between individual studies (range -2.41 to 1.65 MJ/24 h, see Table 6 ). The temporal variation in fat oxidation/synthesis from carbohydrate associated with cyclic overfeeding in one subject is shown in Fig. 4 . This figure also shows the rates at which carbohydrate energy was utilized. Before the feed was commenced in this subject, all the carbohydrate was oxidized. During and for several hours after intravenous feeding a sigmficant percentage of the carbohydrate energy was deposited as fat (32% during the on-feed period and 27% during the first 5 h off-feed).
Nitrogen balance
Total nitrogen excretion ranged between 7.27 and 13.7 g/24 h and the 24 h nitrogen balance ranged between -1.53 and +5.26 (2.43k 1.90) g of nitrogen i.e. 0.43 k 0.05 g of nitrogen in the continually fed subjects and 0.21 f 0.24 g of nitrogen in the intermittently fed patients (not significant). Eleven studies were associated with positive nitrogen balance while one study showed a small negative nitrogen balance. Urinary urea, ammonia and creatinine which were present in the nitrogenous ratio of 89:4:7 accounted for more than 89% of the total urinary nitrogen. The absence of any oral nutrient intake was associated with low faecal/ileostomy effluent nitrogen losses (below 1 g of nitrogen/24 h).
Creatinine excretion
Creatinine excretion ranged between 0.46 and 1.34 (0.94 f 0.28) g/24 h. The corresponding creatinineheight index was 86 f. 12%.
DISCUSSION
This study provides new information on two aspects of energy metabolism in metabolically stable patients receiving TPN. One concerns circadian rhythms of energy expenditure and fuel selection, and the other, the relative contributions of 'BMR, physical activity and DIT to total energy expenditure.
Circadian rhythms of Vo, have been documented in animals and birds [4] . These rhythms show variable relationships with activity, feeding and body temperature. Experiments in which these factors have been eliminated or accounted for have led to the hypothesis that Vo, is under the control of an intrinsic oscillator that is largely free from external influences, except those of changes in the duration of daylight. In man it has been suggested that significant oscillations of REE occur during the day, and that these are independent of feeding [5] . However, the effect of intermittent feeding on energy expenditure complicates the interpretation of data on the patterns of 24 h EE. In this study, continuous intravenous feeding (studies 1-4) during free activity inside a chamber with seven mandatory short periods of rest, which acted as windows into the 24 h time period, provided an alternative way of examining the possible existence of a circadian rhythm in energy expenditure. With the limitations that our subjects were receiving drugs such as prednisolone and sulphasalazine, this study provides no evidence of a circadian rhythm in REE, other than the small, but significant, reduction observed during the overnight period. Such a reduction, which is also observed during sleep in normal subjects [14] , corresponds to only about 1% of 24 h EE in our subjects and as such is of little significance to the 24 h energy balance. However, this implies that in the cyclically fed patients, DIT is underestimated by about 1% (equivalent to about o.'i'O/~ of the energy intake).
The 24 h EE, which ranged between 5.42 and 8.22 MJ/24 h ( 1290-1960 kcal/day), is low compared with that of normal subjects studied in our calorimeters (G. R. Goldberg et al., unpublished work) and elsewhere [22, 23] whilst receiving weight-maintaining diets. This is due to a combination of two factors. First, all but one of the subjects chose to be sedentary. There were no obligatory standing or exercise periods incorporated into this study. It is interesting to note that the mean ratio of 24 h EE to 'BMR' (1.32 * 0.10) in our subjects was similar to that in normal individuals (1.33 rt 0.08) after sedentary protocols in whole-body calorimeters (G. R. Goldberg et al. unpublished work). Secondly, and more importantly, the subjects in this study were malnourished and therefore had a low 'BMR', which is the largest component of 24 h EE. When 'BMR is expressed in relation to body weight or FFM the values are similar to those that we have obtained in 92 normal individuals, who were recruited from the local population. The observations on 24 h EE and nitrogen excretion imply that, in subjects undertaking activity similar to that in this study, an intravenous regimen containing 10.5 MJ/day will result in a substantial retention of energy (3.26 f 1.42 MJ/day) and nitrogen (2.43 f 1.90 g/day). The positive nitrogen balance occurred partly because the subjects were in positive energy balance [24] and partly because some of the subjects were malnourished (Table 1 ). There were no significant differences in nitrogen or energy balance (expressed in absolute terms or in relation to body weight) between the continuously and intermittently fed patients, although statistical analysis is limited by the small number of patients in each group. However, similar conclusions about nitrogen balance have been drawn by other workers At night, the patients who were fed cyclically showed a reversal of the normal pattern of energy expenditure. In normal subjects SMR is consistently lower than BMR. S M R was also found to be consistently lower than REE in the continuously fed patients in this study. The reversal of this pattern in the patients who received cyclic nocturnal feeding is likely to be due to the effect of nocturnal DR, which overrides any sleep-induced reductions in metabolic rate. Another notable difference between the patients receiving cyclic TPN and those receiving continuous TPN is the circadian variation in fuel selection. Those on continuous TPN did not show a significant change in RQ at different times of day, suggesting a stable pattern of fuel selection. In contrast, the patients receiving cyclic TPN showed major variations in RQ, which rose from values below 1.0 during the day to values greater than 1.0 for variable periods during the night. These observations imply that net lipid synthesis from carbohydrate was occurring during sleep, which is an unusual event in normal subjects. Indeed, an RQ above 1.0 rarely occurs in normal subjects even if they are overfed with a Western-style diet. This applies to both short-term [25] and long-term [25, 261 measurements and predictions of RQ. Furthermore, a 500 g carbohydrate meal either does not increase the RQ of normal subjects above 1.0 [27] or increases it to values slightly above 1.0 for very short periods of time, presumably because the excess carbohydrate is stored in the form of glycogen. Since, in some subjects in this study the RQ remained above 1.0 for several hours after the cessation of nocturnal feeding, glycogen rather than glucose was the major carbohydrate source for net lipid synthesis. This is because the amount of free glucose in the body pool is small. A change in the blood glucose concentration by as much as 5 mmol/l in a 60 kg person represents a change of about 70 mmol (12.4 g) or 195 kJ in the body pool of glucose which has a distribution volume of about 23% of body weight. In our *Calculated using half-hourly measurements of gaseous exchange (see the Methods section). tcalculated as the sum of a and b; positive values imply net synthesis of fat from carbohydrate. The overall fat balance, which is $Net lipogenesis persisted until the time at which the study was terminated.
----
Cyclically fed
calculated by adding the values in this column to the fat energy infused, is shown in Table 6 .
subjects, this amount of glucose would have been insufficient to account for a non-protein energy expenditure plus lipogenesis for more than half an hour. This contrasts with the duration of 2.5 to > 5 h (see Table 7 ) which occurred after cessation of feeding in four of our subjects.
In a previous study of intravenous carbohydrate overfeeding [28] , net lipogenesis persisted for more than 12 h after cessation of feeding. Another point of interest relates to the 24 h carbohydrate balance, which was generally close to zero. This is not surprising, since major changes in glycogen stores were not expected during this study. Although the small degree of carbohydrate imblance in individual subjects can be explained by differences in the pattern of activity that may have occurred within and outside the calorimeter, the rather large imbalance in one subject (study 4) remains unexplained.
Finally, this study provides quantitative data on the contribution of DIT and physical activity t o total energy expenditure in patients requiring intravenous feeding. The combination of these two components in cyclically fed subjects accounted for 24.0 k 5.7% of 24 h EE, which is virtually identical (24.8 * 0.1'/0) t o that of normal subjects on sedentary protocols studied in the same calorimeters (G. R. Goldberg 
